Background: The prevalence of Achromobacter xylosoxidans lung isolation in cystic fibrosis (CF) patients has increased, but the impact on lung function is controversial. The aim of this study was to evaluate the long-term effects of A. xylosoxidans isolation on respiratory function of adult patients with CF in the first 3 years after identification of A. xylosoxidans isolation. Methods: This was a case-control retrospective study performed at a single CF centre in Lille, France. Data for 36 patients with CF who had at least one sputum culture positive for A. xylosoxidans (Ax+) were evaluated and compared with control CF patients uninfected by A. xylosoxidans (Ax−). Respiratory function and exacerbation frequency were evaluated between 1 year prior to and 3 years after A. xylosoxidans isolation. Results: Compared with the Ax− group, the Ax+ group had a lower forced expiratory volume in 1 s (FEV 1 ) at baseline (median (interquartile range):
Introduction
Cystic fibrosis (CF) is a monogenic disease caused by mutations in the CF transmembrane conductance regulator gene and is the most common autosomal recessive genetic disease in France [1, 2] . The predominant respiratory features of CF are bronchiectasis, bacterial isolation, and recurrent infections. Staphylococcus aureus and Haemophilus influenzae are the most prevalent bacteria in the sputum of young patients with CF, whereas Pseudomonas aeruginosa predominates in later decades. Other opportunistic pathogens, including Achromobacter xylosoxidans, Burkholderia cepacia and Stenotrophomonas maltophilia, are increasingly detected in patients lungs with CF [3] . Respiratory impairment is the major cause of death in patients with CF [4] , underscoring the need for a greater understanding of how bacterial isolation and co-isolation patterns, particularly the interplay between "classical" and "emerging" pathogens, influence pulmonary function in these patients.
In France, the prevalence of A. xylosoxidans in the sputum of patients with CF has increased from 5.6% in 2014 to 6.3% in 2016 [1] . A. xylosoxidans is a strict aerobic Gram-negative bacillus [5] with broad natural resistance and frequent acquired resistance to antibiotics. These features are shared with P. aeruginosa, which in some cases has resulted in the inadvertent misidentification of A. xylosoxidans as P. aeruginosa [6] . However, while P. aeruginosa is a well-characterised agent of lung disease in patients with CF, the clinical significance of A. xylosoxidans isolation on the decline in lung function of patients with CF remains controversial. LAMBIASE et al. [7] and DE BAETS et al. [8] did not detect differences in the rate of decline in lung function of A. xylosoxidans-colonised (referred to as Ax+) and uncolonised (Ax−) patients with CF. In contrast, a recent Spanish study of CF patients found that airway isolation with Achromobacter spp. accelerated lung function decline and increased the number of pulmonary exacerbations [9] . Thus, further studies are necessary to clarify the clinical impact of Achromobacter spp. isolation.
To address this knowledge gap, we performed a case-control study by comparing the respiratory function of 36 Ax+ and 36 Ax− patients with CF (controls matched for age, sex, and P. aeruginosa isolation status) during the year before and the first 3 years after isolation of A. xylosoxidans. The main study objective was to determine the longitudinal effect of A. xylosoxidans isolation on respiratory function and exacerbation frequency in patients with CF. Secondary objectives were to evaluate these features in Ax+ patient subgroups with or without P. aeruginosa co-isolation and with intermittent versus chronic A. xylosoxidans infection.
Materials and methods

Patients
Between 2011 and 2017, a total of 275 adult subjects with CF were followed at the Lille Cystic Fibrosis Centre (Centre de Ressources et de Compétences pour la Mucoviscidose) in France. The Observatory Research Protocol Evaluation Committee reviewed the study and granted permission to analyse patient data without the need for informed consent. The Institutional Review Board of the French Language Pulmonary Society (CEPRO 2012-009) approved the study. CF diagnosis criteria were sweat chloride concentration >60 mmol·L −1 , and/or genetic confirmation of two CF-associated mutations, and two clinical features consistent with CF [10] . Of the 275 patients followed over the 7-year period, data from 36 patients with and 36 patients without A. xylosoxidans isolation were analysed for this report. Ax+ patients were defined as having at least one Ax+ sputum sample confirmed by cytobacteriological examination between 2011 and 2017. Control subjects were individually case matched by age (±4 years), sex and P. aeruginosa isolation status. Data were collected from 1 year prior to until 3 years after baseline, which was defined as the date on which A. xylosoxidans was first detected or, for the case-matched controls, the same age (±4 years) as the Ax+ patients at baseline.
Measures and data collection
All patients were evaluated every 3 months, at which time they provided a sputum sample and underwent spirometry using the MICRO spirometer 5000 (Medisoft; Sorinnes, Belgium). Forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV 1 ) were expressed as the percentage of predicted normal values [11] . The numbers of exacerbations and antibiotic treatment courses were recorded for each year. An exacerbation was defined as a respiratory condition requiring antibiotics regardless of the type of antibiotic, the duration of treatment or the route of administration. Chronic isolation was defined as at least two Ax+ sputum samples within 6 months. Long-term antibiotic therapy (usually oral azithromycin or aerosol colimycin) was defined as treatment for ⩾6 months. Sputum samples were analysed for A. xylosoxidans, P. aeruginosa, B. cepacia, non-tuberculous mycobacteria, methicillin-sensitive S. aureus, and methicillin-resistant S. aureus.
Statistical analysis
Categorical variables are expressed as number and percentage. Continuous variables are reported as median and interquartile range (IQR) or mean±SD. Normality of continuous variables was checked graphically and by Shapiro-Wilk's test. Baseline characteristics of the Ax+ and Ax− groups were compared using a McNemar test for categorical variables and a Wilcoxon's signed rank test for continuous variables. Subgroups stratified by P. aeruginosa co-isolation and intermittent versus chronic A. xylosoxidans isolation were compared using the Chi-squared test (or Fisher's exact test when expected cell frequency was <5) for categorical variables and the Mann-Whitney U-test for continuous variables. Changes in FEV 1 were compared between groups and/or subgroups using linear mixed models. Group, time, and group×time interaction were included as fixed effects and patients as a random effect in all comparisons to account for the correlation between repeated measures. For the comparisons between Ax+ and Ax− groups, we added a second random effect to account for the matched sets, and comparisons were adjusted for age. The total number of exacerbations during the first, the first 2, and 3 years after A. xylosoxidans isolation were compared between groups using a generalised linear mixed model (Poisson distribution, log link function) unadjusted and adjusted for age, including matched sets as a random effect.
Statistical testing was conducted at the two-tailed α-level of 0.05. Data were analysed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).
Results
Baseline characteristics
The study cohort consisted of 72 out of the 275 adult patients with CF who were followed at our centre from 2011 to 2017. On average, patients received a consultation every 3 months, at which time they provided a sputum sample and underwent spirometry. Of the 72 patients, 36 had at least one sample positive for A. xylosoxidans. Each A. xylosoxidans+ patient was matched by age (±4 years), sex and P. aeruginosa isolation status to a control patient who remained A. xylosoxidans− throughout the 4-year study period. Baseline characteristics are reported in table 1. The median age at baseline of the A. xylosoxidans− group was significantly younger than that of the A. xylosoxidans+ group (19.5 versus 23.5 years; p<0.001); this difference can likely be attributed to the criteria used for age matching (±4 years). In both study groups, the sex ratio was balanced and 75% of patients were co-colonised with P. aeruginosa. A. xylosoxidans+ patients had a significantly lower baseline FEV 1 than the (table 2) . Moreover, as shown in figure 1 , the ventilatory function of Ax+ patients was poorer than that of Ax− patients at baseline and declined further over the next 3 years ( p=0.02). In contrast, FEV 1 remained stable in the Ax− patients over the same time period.
The exacerbation rate during the year before and the year after baseline were not significantly different between the Ax+ and Ax− patients (table 2) . However, the cumulative number of exacerbations in the Ax+ group was significantly higher than that in the Ax− group by the end of the second year (median 6.0 Year before baseline (table 2) . The median total number of exacerbations in the 3 years after baseline were 9 and 7 for the Ax+ and Ax− group, respectively. The same results were found when the statistical model was adjusted for age.
Respiratory impact of P. aeruginosa co-isolation with A. xylosoxidans Next, we evaluated the baseline characteristics and decline in respiratory function of the Ax+ patients according to P. aeruginosa isolation status (table 3) . As noted, 27 (75%) of the Ax+ group were colonised by P. aeruginosa, with a median time between the first detection of P. aeruginosa and A. xylosoxidans of 66 months (range: 4-288 months). The annual rate of FEV 1 decline was greater for the A. xylosoxidans and P. aeruginosa co-colonised patients than for those colonised with A. xylosoxidans alone (−169.2 mL·year −1 versus −105.4 mL·year −1 ; p=0.092; −6.05%·year −1 versus −2.66%·year −1 ; p=0.003). In contrast, the numbers of exacerbations in the year before baseline and in years 2 and 3 after baseline were comparable between the two groups, and a significant difference was detected only in the first year after A. xylosoxidans detection (Ax+ 3.0 versus Ax− 2.0; p=0.037) (table 3) .
Comparison of respiratory function in patients with intermittent or chronic A. xylosoxidans isolation
Of the 36 Ax+ patients examined, 23 (63.9%) had at least two positive sputum samples within the 6 months prior to baseline and were considered to be chronically infected. The baseline characteristics and decline in respiratory function of patients with intermittent versus chronic A. xylosoxidans infection are shown in table 4. At baseline, chronically A. xylosoxidans-infected patients were significantly younger, had lower body weights and had been treated with significantly more azithromycin cycles than the intermittently infected patients. There were no significant differences between the two groups in either FEV 1 at baseline (median 58.0 versus 49.0%; p=1.00) or the annual rate of decline in FEV 1 in the 3 years after baseline (−135.9 mL·year −1 versus −157.2 mL·year −1 ; p=0.062). In contrast, the chronically infected group had a significantly higher cumulative number of exacerbations compared with the intermittently infected group by the end of both the second year (7 versus 4; p=0.049) and the third year (9.5 versus 6; p=0.012) after baseline. Year before baseline, median (IQR 
Discussion
Emerging evidence suggests that the lungs of patients with CF are colonised by a broader range of pathogens than previously recognised. The presence of Achromobacter spp. has been investigated in several cohorts of patients with CF, but the results have been controversial. Our study of French patients with CF makes several important points. First, A. xylosoxidans-colonised patients had a lower ventilatory function at baseline, a greater annual rate of decline in FEV 1 , and an increased exacerbation frequency within the 3 years after A. xylosoxidans detection than did patients who remained Ax−. Second, patients with both A. xylosoxidans and P. aeruginosa had a greater rate of decline in FEV 1 and more exacerbations than patients without P. aeruginosa isolation. Finally, patients with chronic A. xylosoxidans isolation had more exacerbations from the second year after A. xylosoxidans detection compared with the intermittently colonised patients.
The prevalence of A. xylosoxidans in our cohort was 13.1%, which is higher than the 6.3% reported by the French Cystic Fibrosis Registry [1] but comparable to cohorts in studies performed in other European countries such as Spain [9] and Italy [7] . Although the risk factors for A. xylosoxidans isolation are unclear, advanced age and chronic P. aeruginosa isolation seem to be common among CF patients with chronic A. xylosoxidans infection [12, 13] . The baseline characteristics of our study cohort were typical according to the French Cystic Fibrosis Registry [1] ; for example, 41.6% of our patients were homozygous for F508del, and 83.3% had exocrine pancreatic insufficiency. Similarly, with respect to potential genetic confounding factors, the proportion of patients in our Ax− cohort (13 out of 36, 36.1%) and Ax+ cohort (17 out of 36, 47.2%) were heterozygous for F508del, which are comparable to the national registry data (42%). The small inter-group difference in our study (four patients) is thus unlikely to have impacted the results. A higher proportion of the Ax+ cohort than the Ax− cohort in our study presented with allergic bronchopulmonary aspergillosis (50% versus 31%). While this difference was not statistically significant, a higher prevalence of allergic bronchopulmonary aspergillosis has also been noted in Ax+ compared with Ax− patients with CF in another case-control study [12] .
In our study, Ax+ patients had worse lung function at baseline than matched Ax− patients, which is in agreement with previous studies [8, 14] and suggests that severe lung disease may be associated with increased susceptibility to A. xylosoxidans isolation. We also found that A. xylosoxidans infection was associated with a significantly greater decline in FEV 1 in the first 3 years after A. xylosoxidans detection. Some studies have reported that FEV 1 is the respiratory function parameter that best correlates with mortality in patients with CF [15, 16] . In particular, the rate of FEV 1 decline seems to be a good predictor of prognosis for patients with CF [17] . Thus, our results could suggest that A. xylosoxidans isolation is a predictor of worse prognosis.
An association between decline in lung function and A. xylosoxidans isolation has also been observed in other studies of patients with CF. A recent Spanish study of 21 patients with CF found that the presence of A. xylosoxidans was associated with an increased decline in lung function parameters (FVC and FEV 1 ), and with more exacerbations [9] . Similarly, in a study of six French Ax+ patients and 11 matched controls, GODBERT et al. [12] showed that FEV 1 declined significantly faster and to a greater extent among the Ax+ patients compared with the controls. A study of 16 Ax+ and Ax− patients with CF in Denmark found the same trend in worsening respiratory function for Ax+ patients with high levels of anti-A. xylosoxidans antibodies [18] . In stark contrast, no significant differences in the rate of FEV 1 decline were reported by LAMBIASE et al. [7] , who compared six A. xylosoxidans-colonised and six P. aeruginosa-colonised patients with CF, and by DE BAETS et al. [8] , who compared 8 Ax+ with 16 Ax− patients with CF, and by TAN et al. [19] who compared 13 chronic A. xylosoxidans-colonised children with controls.
Our finding that A. xylosoxidans isolation significantly increased the cumulative number of exacerbations within 3 years of A. xylosoxidans detection underscores the potential importance of this pathogen for patient prognosis. Indeed, in a 5-year modelling study, the detrimental effect of each exacerbation was predicted to be equivalent to a 12% loss of FEV 1 [20] . These results are consistent with previous studies showing that A. xylosoxidans-colonised patients with CF had more hospitalisations and intravenous antibiotic treatment courses than matched Ax− patients (n=8 per group) [8] . The aforementioned case-control study by GODBERT et al. [12] also found an association between A. xylosoxidans isolation and more frequent hospitalisations and antibiotic courses. Nevertheless, one study has shown no link between A. xylosoxidans infection and pulmonary exacerbations. Among a cohort of 1103 Canadian patients with CF followed for 18 years, exacerbations were more frequent among the 48 patients with chronic A. xylosoxidans infection compared with those with intermittent or no history of infection, but this difference was not statistically significant after adjustment for potential confounders [21] .
The majority (75%) of our 72-patient cohort was colonised with P. aeruginosa, and subgroup analysis revealed that the presence of P. aeruginosa was associated with a significantly greater annual decline in FEV 1 . DIAMANTEA et al. [22] discovered a similar trend in their cohort of 11 Ax+ Pa+ and four Ax+ Pa− patients with CF. These findings indicate that isolation by P. aeruginosa is detrimental to the lung function of Ax+ patients with CF, although it should be noted that the extent of chronic lung inflammation, as measured by cytokine production, was found to be comparable in Ax+ patients and Pa+ patients with CF [23] .
Our comparison of patients with intermittent versus chronic A. xylosoxidans isolation identified no effect on FEV 1 , but the chronically infected patients did have significantly more exacerbations than the intermittently infected group in the 3 years after A. xylosoxidans identification (9.5 versus 6.0; p=0.012). The proportion of chronically A. xylosoxidans-colonised patients in our study (23 out of 36, 64%) was comparable to that in the aforementioned Spanish study, which found the same association between chronic A. xylosoxidans infection and frequency of exacerbations [9] . In a North American case-control study of 32 patients with CF, chronic A. xylosoxidans isolation was associated with significantly more intravenous antibiotic courses within an 18-month period, but not with a difference in FEV 1 , compared with intermittently infected patients [24] . FIRMIDA et al. [25] also reported a trend towards lower FEV 1 in chronically A. xylosoxidans-infected compared with either intermittently A. xylosoxidans-infected patients or non-carriers, but the differences were not statistically significant. Similarly, a Canadian study of 34 A. xylosoxidans-colonised patients with CF found no significant differences between persistently infected (n=10) and intermittently infected (n=24) or matched control subjects (n=18) in either FEV 1 or number of exacerbations [24] . Finally, in a Belgian study, fewer than a third of the Ax+ cohort of CF patients was chronically colonised, and although this group exhibited an increased hospitalisation rate, their lung function decline was not significantly different from that of patients infected with A. xylosoxidans only once [26] .
This study has several limitations. First, the retrospective observational nature of the analysis has well-known limitations. Second, the number of statistical tests performed was limited, and we cannot exclude that some differences between cohorts may have been missed. Missing data are another potentially confounding factor that cannot be ruled out, even in a case-matched study. Third, the sample size was small, with only 36 patients identified over the 7-year study period. Nevertheless, this study is relevant because isolation by A. xylosoxidans is a rare event among patients with CF. Moreover, previous studies have generally included even smaller patient numbers. Fourth, the monocentric nature of the recruitment hinders generalisation of the results, and additional multicentre studies on this subject are warranted.
Finally, we chose a time period of ±4 years for age matching between Ax+ and Ax− patients, which is a sufficiently large window that age-related differences in lung function may be a potential confounding factor [27] . Indeed, the A. xylosoxidans-colonised patients were significantly older than the Ax− patients in this study (23.5 versus 19.5 years; p<0.001), which could be explained by the tendency for A. xylosoxidans isolation to occur at older ages. An age difference of similar magnitude was also seen in the aforementioned American study, in which the median age of transiently A. xylosoxidans-infected, chronically A. xylosoxidans-infected and control CF patients was 25, 24 and 22 years of age, respectively [24] .
To conclude, this study provides further evidence that lung isolation by A. xylosoxidans in patients with CF has a detrimental effect on respiratory function, as reflected by a larger decline in FEV 1 , a higher number of exacerbations, and an increased need for intravenous antibiotic courses compared with Ax− patients. Co-isolation with P. aeruginosa and chronic A. xylosoxidans isolation are also associated with increased severity of respiratory disease. These results highlight the need for clinicians to be vigilant in monitoring the presence of lung pathogens in CF patients, and suggest that the time may have come for standardised management strategies for the control, or even systematic eradication, of primary A. xylosoxidans infections, as currently recommended for P. aeruginosa.
